The literature remains divided the ideal conditions for integration of occupational health and safety (OHS) into continuous improvement initiatives based on the principles of lean manufacturing. Few significant results and little documentation exist on the effectiveness, sustainability and the degree of integration. This paper outlines some possible explanations for the non-success of this integration and examines the hypothesis that integration is unsuccessful when the lean-based improvements themselves suffer from sustainability issues. This research project addressed the case of a Québec manufacturing company and focused on musculoskeletal injury (MSI). Twenty-four employees participated in the study for two months. Corporate documentation was analyzed. Individual interviews were used to document workers' perception of their work environment. Continuous improvement interventions were observed to identify possible risks of MSI, and obtain a general portrait of OHS and continuous improvement in this company. The majority of the employees surveyed believed that the continuous improvement initiatives were short-lived. They also reported they experienced MSI-related discomfort following organizational changes. Examination of several initiatives showed that results were not maintained over time. The integration of OHS into continuous improvement is not systematic. When this integration is apparent, OHS goals are not always met and are rarely subject to monitoring. Taking OHS into consideration, implementing lean principles does not directly guarantee a reduction in cases of MSI. The integration of OHS into continuous improvement activities is reflected in the systematic consideration of OHS in driving lean improvements. The results of this project will help to develop a better approach to the implementation of lean to improve this integration in our industries.
Introduction
Coined in 1987 by a research team at the Massachusetts Institute of Technology, the term lean was used to describe the Toyota production system. Lean manufacturing now refers to a socio-technical system, of which the main objective is to eliminate waste caused by variability associated with customers, suppliers or internal operations. The undeniable success of this system over the subsequent two decades created huge interest in understanding its principles. Dozens of books continue to be published annually on this management method, in addition to thousands of research articles that have been published on the subject. In spite of the attention that has been given to understand and apply the lean approach around the world, its impact on occupational health and safety (OHS) remains largely unknown [1] [2] [3] [4] . A great debate is taking place to identify the OHS consequences of implementing lean manufacturing. The present article weighs in on this debate by attempting to shift it to evaluate the multitude of approaches to implementing lean production rather than the lean management system itself. This perspective is novel and appears to address a subject area, in which knowledge is lacking [5] [6] . Many studies in this subject area have addressed the impact of organizational changes on OHS. A great debate on the consequences of applying the lean philosophy in industry continues to rage [1] [2] [3] [4] [7] . However, over twenty years have passed since the first introduction of lean implementation in America, and there is still no clear consensus regarding the elements of lean that have the greatest impact on OHS [2] [8] .
This situation leads us to ask the following questions: Is the lean philosophy threatening the worker efficiency/wellbeing balance? Do we need to re-examine the lean model before integrating it into our industries? The goal of the present study was thus to explore the impact of the chosen approach to implementing lean manufacturing, particularly in terms of sustainability as reflected by the incidence of musculoskeletal injury (MSI) among workers. In order to achieve this, a single corporate case was examined.
Modeling the Integration of Lean Manufacturing and OHS
Several published studies describe attempts to model lean manufacturing and its integration with OHS. Bakker et al. [9] and Demerouti et al. [10] [11] were the first to introduce the JD-R (job demand/resources) model, of which the central theory is that burnout, regardless of the type of work involved, sets in when job demands become substantial while resources are limited or subject to uncertainty. This model has not been adopted for application in lean industries. These complex and dynamic industries tend to use resources in ways (interacting with manufacturing chain parameters) that have both positive and negative effects (the latter sometimes uncontrolled) on worker wellbeing. We note also that the lean concept itself does not imply working conditions that necessarily have an adverse impact on OHS. The model of Bateman [12] and Bateman and David [13] comprises "a succession of levels of sustainability" designated A to E. More precisely, these levels are used to describe "the different stages of an improvement activity and… the different outcomes in terms of sustainability at each stage" [12] . Only initiatives at level A are continuous improvement activities, while level B initiatives can evolve into such activity [12] . The other levels correspond to temporary improvements that do not withstand the routine or the variability of daily production. Both studies by Bateman and David [13] reached conclusions regarding the factors that constitute an A level initiative and thus improve the sustainability of its results. Two events assigned to the same class of sustainability will have effects of similar sustainability. However, this model does not provide tools to classify the sustainability of operational changes. Measurement of performance allows a company to emphasize the goal that it is attempting to achieve through its stated objectives and to encourage staff to maintain its effort. Measuring the improvement achieved is a significant part of maintaining it. Studying this principle, Glover et al. [14] and Farris et al. [15] devised a way to measure the sustainability of a result, based on respectively 65 and 56 improvement initiatives. The results of both studies indicated the factors that had the most influence on the continued commitment of staff to implementing a process improvement: work area characteristics, characteristics of the continuous improvement initiative, and characteristics associated with post-implementation trends. The model of Glover et al. [14] incorporates variables compiled from 152 publications and describes their influence on the sustainability of lean-based improvements. Although the influence of the various factors is apparent, the degree of influence of each remains the subject of debate. In general, the sustainability of an improvement is as important as the reform itself. Sustainability is fundamental to organizational development and improvement [16] . However, the literature contains reports of difficulties with the long-term maintenance of improvements obtained by applying lean principles [14] [17] . From an OHS perspective, change is helpful only if results are sustainable, and research in this field is becoming more and more focused on sustainability. Integrating OHS into continuous improvement of performance is a retroactive exercise in the sense that each initiative should be designed to improve both production and occupational wellbeing.
Using different approaches and models, several researchers have attempted to evaluate the sustainability of the results of continuous improvement initiatives undertaken by businesses. Few have examined the effects that sustainability itself might have on internal elements other than worker performance and commitment [14] . Based on theory and previous research on lean manufacturing, OHS, process improvement, continuous improvement, risk analysis, organizational health, and sustainability, we hypothesize that integration of OHS into a continuous improvement initiative is bound to fail when the initiative itself does not adhere to a sustainable approach to development and acci-dent/injury/illness prevention.
Research Methodology
The case study concerned a manufacturing company in the aeronautical industry. The company is a division of a group that enjoys complete autonomy regarding the choice of improvements to pursue. The choice of improvement activity is made in consideration only of its relevance to the continued improvement plan previously established by the company. This plan reflects the goals and overall vision of the group. Details of initiatives (dates, objectives, outline, participants, etc.) are decided internally within the company. Lean manufacturing has been implemented gradually in the company, and this has allowed it to acquire ever-increasing maturity and mastery of the techniques.
The integration of OHS into continuous improvement activities became reality in this company thanks to:
• Using lean techniques such as kaïzen and 5S events in the carrying out of OHS interventions.
• Adding an OHS goal to the list of objectives in lean-inspired projects.
• Taking into account undocumented OHS risks in carrying out lean-inspired projects. Doing so depended exclusively on the participants and their level of authority.
In spite of this, integration is not always apparent and certainly does not adhere to rules or standards. For the past two years, since the implementation of an annual progress plan, management has been defining OHS objectives and lean-inspired activities have been assigned to these objectives in support of their achievement. Establishment of a more formal integration of OHS with continuous improvement activities is envisaged. The population of interest consisted of the 500 production employees of the company. Following an oral presentation, open to all, on the various aspects of the study (objectives, procedure, benefits, etc.) and signatures of a consent form, 24 employees (66% men, 34% women, which is representative of the company's population) agreed to voluntarily participate to the study, as École de technologiesupérieure's research ethics committee requires. Two groups were identified: those with experience in lean manufacturing and those without such experience. The term "with experience in lean manufacturing" means having participated in at least one lean project and having received at least eight hours of instruction on lean manufacturing. About 30% of the production employees were in the first group. About 80% were working on production lines that had been targets of lean projects prior to the study.
The dependent variable in this study was the persistence (incidence over time) of MSI among workers directly concerned by the continuous improvement initiative. Ac- 
Results
To find a possible correlation between lean-based improvement and musculoskeletal injury, an estimator of sustainability "S" based on interviews and observations for three to six months after the continuous improvement initiative was devised. This parameter defines the extent to which the changes implemented were maintained and it is rated on a scale of 1 to 5. Based on the Spearman coefficient (rho = 0.6929, p = 0.0009), the bivariate relationship between sustainability and MSI is significant (see Table 1 ). Furthermore, the positive sign indicates that these variables are proportional. However, since sustainability was defined with an inverse scale (1 = maximal durability and 5 = minimal), we are looking at inverse proportionality. This indicates that the less sustainable the improved result is, the greater is the prevalence of musculoskeletal injury in the areas involved in the improvement. A correlation coefficient close to 0.7 suggests that there are counterexamples to the relationship. Indeed, some participants working in areas where the improvement was not sustainable reported no sign of MSI. Similarly, some participants having real MSI problems (mostly work-related) have always worked in areas where improvements were maintained beyond six months. The strong correlation nevertheless suggests a possible link between improvement sustainability and MSI.A correlation (see Table 1 , rho = 0.7107, p = 0.0007) was found between the sustainability of lean-based improvements and communication of exhaustive information concerning lean improvements. More precisely, communication-wise, our study focused on the information transmitted during a lean intervention: motives, objectives, time scale, role of participants and impacts on each participant's responsibilities. Training, participation low correlation with the sustainability of lean-based improvements. The reliability of the different sections of the questionnaire used in the semi-structured interviews is shown in Table 2 . The Cronbach alpha coefficient is calculated generally to measure the internal consistency of a measurement comprising several elements. The majority of the scales used in this study had good reliability with a coefficient greater than 0.70 [22] . The most striking exception was for the "training" section, which had a reliability of 0.13. Items in this section targeted employees who had participated in continuous improvement projects and who evaluated the training received during these events. In some cases, general instruction on lean manufacturing was provided throughout the company before or after events. This was not evaluated in the present study. Participants' answers could concern any of these training sessions, thus creating some inconsistency. The reliabilities of "satisfaction", "human resources management" and "trust" were below 0.7. The relative inconsistency associated with these elements is likely due to their subjective nature and the subjective factor in almost all of the questions. They reflect employee appreciation of the employers and the work environment. This appreciation can be biased upward, for example when the reasons for the present study
were not understood. The employee might have believed that his or her own performance was being evaluated and therefore consciously avoided making any pejorative statement about the employer. In other cases, the employee might have been expressing dissatisfaction with the experience of the event while otherwise experiencing overall job satisfaction. 
Discussion
This study targeted the case of a single manufacturing company in the aerospace field.
It is therefore not possible to generalize the findings to all manufacturing companies.
Although we can say that the results do not refute the research hypothesis, the study of several business cases would be required to confirm the hypothesis. We cannot presume that the company studied represents a perfect model of integration of OHS and lean manufacturing. Integration of OHS and lean manufacturing in this company was not systematic and did not always follow the same approach. In the ideal case, the company would have integrated OHS into all continuous improvement activities using the same structured approach. It is therefore difficult to evaluate the success or failure of this integration based solely on the example of the participating company. According to Kerr and Jackofsky [23] , it is during the early stages of the implementation of a lean-based improvement that the objectives of the changes must be aligned with the organization's goals. The company under study does not always follow this approach when choosing a lean-inspired course of action. Over 60 % of the time, the continuous improvement initiative is a response to a request made by managers to improve a situation that they consider problematic. Due to the subjective judgment of the seriousness of the situation and to the rarity of objective data, important aspects of the problem may be overlooked. A structure that quantifies the performance of each entity of a company and points out the connections between them would provide better definition of the objectives of lean-inspired initiatives and more effective monitoring of the results. Considering the lean interventions observed in this study, it is difficult to say that one lean technique is superior to another in terms of the sustainability of the results, especially given that lean techniques are used differently from one company to another.
Laraia et al. [24] suggested that both the effectiveness and the sustainability of lean-A. Sakouhi, S. Nadeau based improvements could be increased if lean tools were simpler and easier to use.
Other research has shown that lean initiatives do not yield the expected results if only some of the tools are used [25] (These claims could not be examined in the present study). However, due to their diversity and variants, it is not always possible to bring the same collection of tools to a given company. Furthermore, it should be noted that the choice of one lean technique or another does not guarantee that the organization will achieve its improvement goals if it has not already adopted the principles of the JIT philosophy [25] . The correlation between the sustainability of improvements achieved through Lean initiatives and the incidence of MSI is attributable to the fact that improvements in OHS, due to the nature of business, require consistent efficiency and stable performance over the short-to-medium term if a risk-free environment is to be maintained. Having said this, measuring improved OHS performance at a given point in time does not ensure that a true improvement has been achieved. The true test is the sustainability of the new level of performance [26] . . These studies considered lean manufacturing as a single model of technical operations management that is reproduced identically in all businesses. In the present study, the unsustainability of lean improvements was found responsible for the failure of the integration of lean into OHS issues. However, we do not conclude that this failure is inherent in lean manufacturing itself, but rather due to an inappropriate approach to the implementation of this tool in this particular business. Our conclusion is original insofar as several studies conclude that lean manufacturing, due to its mindset and tools, is by its nature detri-
. However, a few recent studies do suggest that the reputation of lean manufacturing suffers primarily from the use of its tools in a context of rapid problem solving without proper association with a policy of continuous improvement or a JIT culture [5] . Based on Spearman correlation and Cronbach Alpha coefficients, communication (of the lean techniques to be used, the project start and finish dates, the objectives behind the project, the role of each participant in the project and the possible impact of the project on employee responsibilities) was found strongly associated with the sustainability of the results of continuous improvement activities.
This strong correlation is attributable to heightened employee awareness and commitment early in the process of implementing and monitoring the improvements [24] [25].
It should be noted that communication as assessed via the surveys conducted during this study did not take into account the communication of the project results. It is entirely possible that disclosure of this information has a significant impact on the sustai-nability of improvements. Participation of company employees in decision-making might improve the sustainability of the results. This factor is fully effective only when all of the employees involved in the changes being made take part in the decision process. Several studies suggest that placing employee involvement in company choices at the heart of the lean process is the most productive approach [27] - [32] . Furthermore, even if our sample size is small, the participants with experience in lean manufacturing consistently mentioned a strong relation between participation in decision-making and the sustainability of the improvements. This likely reflects the company's tendency not to consult employees outside the lean project when it comes to making decisions concerning improvements to their working conditions. Our analysis suggests that the nature of the immediate results of the lean initiative might not affect their sustainability.
This implies that simply having more positive than negative results at the end of a lean project will not increase the sustainability of the improvement. However, the literature is inconsistent on the influence of immediate results on the sustainability of lean-based improvements [33] [34] [35] .
Finally, a climate of continuous improvement [36] , good communication of the challenges to be met and the details of a change implemented by management should encourage participation in decision-making. Participation in decision-making is an effective way to gather ideas on improvement and to identify other helpful changes. This is suggested in a dissertation by Burch [32] , who emphasized the importance of soliciting employee suggestions (participants and non-participants in improvement projects) during communication of the progress achieved following the completion of projects.
According to the findings of the present study, this should contribute to maintaining a routine of continuous improvement within groups.
Conclusions
The integration of OHS into continuous improvement activities is achieved through its systematic consideration in the course of implementing the proposed changes. The purpose of this project was to define a better approach to the implementation of lean principles to improve this integration. To achieve this, we examined the hypothesis that integration of OHS into continuous improvement activities was unsuccessful when these activities themselves suffered from unsustainability issues. The main objective is to document the effect that non-sustainability of improvements achieved by applying lean principles has on OHS, and a statistical study was conducted in a manufacturing company to find a possible correlation between the sustainability of the results of six continuous improvement interventions and the development of MSI among employees affected by the changes (participants and non-participants in the projects). This research revealed a strong association between these variables. The qualitative component of this study supported this association and brought to light new elements. For example, observation of projects during and after the intensive days (Kaïzen events) and analysis of company documentation revealed that the lean improvement process in this company differed from that presented in literature and even varied from one project to another.
A secondary objective, which arose in the course of the study, was to identify elements that might improve the sustainability of the results of continuous improvement initiatives. The same statistical method was used to reveal possible associations. At the end of the study, communication was identified as crucial in any attempt to increase the sustainability of lean-based improvements.
Finally, more case studies with larger sample sizes are needed to generalize the findings and constitute future research directions.
